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INSTRUMENT TRANSFORMER TEST 
EQUIPMENT AND METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is the U.S. national phase of PCT/ 
US2008/072873 filed Aug. 12, 2008. PCT/US2008/072873 
claims the benefit under 35 U.S. C. S 119(e) of U.S. Ser. No. 
60/956,322, filed Aug. 16, 2007. The entire disclosures of 
U.S. Ser. No. 60/956,322, and PCT/US2008/072873 are 
hereby incorporated herein by reference. 

FIELD OF INVENTION 

This invention relates to instrument transformer test equip 
ment. It is disclosed in the context of equipment and methods 
for burden testing of instrument transformers, but is believed 
to have utility in other applications as well. 

BACKGROUND OF THE INVENTION 

The prior art includes U.S. Pat. Nos. 7,0303,602; 6,680, 
616; 6,160,697; Serway, Physics for Scientists and Engi 
neers, Saunders College Pub. 1996; and IEEE Standard 
C57.13-1993 Standard Requirements for Instrument Trans 
formers. The disclosures of these references are hereby incor 
porated herein by reference. The above listing is not intended 
to be a representation that a complete search of all relevantart 
has been made, or that no more pertinent art than that listed 
exists, or that the listed art is material to patentability. Nor 
should any such representation be inferred. 

SUMMARY OF THE INVENTION 

According to an aspect of the invention, a method for 
testing a transformer comprises operating a controller togen 
erate a Switching signal, Supplying the Switching signal to a 
Solid state Switch in circuit with a test load of known magni 
tude, Switching the Solid State Switch to place the test load in 
circuit with the transformer, and measuring a signal through 
or across the transformer. 

Illustratively, the method further includes analog-to-digital 
converting the measured signal. 

Illustratively, the method further includes locking the 
phase of the Switching signal to the phase of the measured 
signal. 

Illustratively according to the method, Supplying the 
Switching signal to the Solid state Switch in circuit with the 
test load comprises Supplying the Switching signal to the Solid 
state switch in parallel with the test load. 

Illustratively according to the method, Supplying the 
Switching signal to the Solid state Switch in circuit with the 
test load comprises Supplying the Switching signal to the Solid 
state switch in series with the test load. 

Illustratively according to the method, Supplying the 
Switching signal to the Solid state Switch in circuit with the 
test load comprises Supplying the Switching signal to the Solid 
state switch in series-parallel with the test load. 

Illustratively, the method further includes monitoring Zero 
crossings of the measured signal. 

Illustratively, the method further includes operating the 
controller to generate the Switching signal Substantially at the 
Zero crossings of the measured signal. 

Illustratively, the method further includes analog-to-digital 
converting the measured signal. 
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2 
Illustratively according to the method, Supplying the 

Switching signal to a solid state Switch comprises Supplying 
the Switching signal to a field effect transistor. 

According to another aspect of the invention, apparatus for 
testing a transformer comprises a controller for generating a 
Switching signal, a test load of known magnitude, and a solid 
state switch in circuit with the test load. The solid state switch 
has a control port coupled to the controller for Supplying the 
Switching signal to the Solid state Switch to place the test load 
in circuit with the transformer. The apparatus further com 
prises a measurement device coupled to the test load for 
measuring a signal through or across the transformer. 

Illustratively, the apparatus further includes an analog-to 
digital converter coupled to the transformer and to the mea 
Surement device for analog-to-digital converting the mea 
Sured signal. 

Illustratively according to this aspect, the controller is 
coupled to the test load to lock the phase of the switching 
signal to the phase of the measured signal. 

Illustratively according to this aspect, the Solid state Switch 
is coupled in series circuit with the test load. 

Illustratively according to this aspect, the Solid state Switch 
is coupled in parallel circuit with the test load. 

Illustratively, the apparatus further includes multiple solid 
state switches. The solid state switches are coupled in series 
parallel circuit with the test load. 

Illustratively according to this aspect, the controller is 
coupled to the test load to monitoring Zero crossings of the 
measured signal. 

Illustratively according to this aspect, the controller Sup 
plies the switching signal to the solid state switch substan 
tially at the Zero crossings of the measured signal. 

Illustratively, the apparatus further includes an analog-to 
digital converter coupled to the transformer and to the mea 
Surement device for analog-to-digital converting the mea 
Sured signal. 

Illustratively according to this aspect, the Solid state Switch 
comprises a field effect transistor. 

According to another aspect of the invention, a method for 
testing a transformer comprises placing a series of test loads 
of different known magnitudes in circuit with the transformer 
from the lowest magnitude to the highest. 

Illustratively, the method further includes placing the 
series of test loads of different known magnitudes in circuit 
with the transformer from the highest magnitude to the low 
eSt. 

According to another aspect of the invention, a method for 
testing a transformer comprises placing a series of test loads 
of different known magnitudes in circuit with the transformer 
from the highest magnitude to the lowest. 

According to another aspect of the invention, apparatus for 
testing a transformer comprises a series of test loads of dif 
ferent known magnitudes ranging from a lowest magnitude to 
a highest magnitude. The apparatus includes multiple solid 
state switches coupled to the test loads of the series for plac 
ing the test loads of the series in circuit with the transformer 
and a controller for controlling the multiple solid state 
switches first to place the series of test loads in circuit with the 
transformer from the lowest magnitude to the highest. 

Illustratively according to this aspect, the controller for 
controlling the multiple solid state switches first to place the 
series of test loads in circuit with the transformer from the 
lowest magnitude to the highest further controls the multiple 
solid state switches to then place the series of test loads in 
circuit with the transformer from the highest magnitude to the 
lowest. 
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According to another aspect of the invention, apparatus for 
testing a transformer comprises a series of test loads of dif 
ferent known magnitudes ranging from a lowest magnitude to 
a highest magnitude. The apparatus includes multiple solid 
state switches coupled to the test loads of the series for plac 
ing the test loads of the series in circuit with the transformer 
and a controller for controlling the multiple solid state 
switches first to place the series of test loads in circuit with the 
transformer from the highest magnitude to the lowest. 

According to another aspect of the invention, a test load 
array comprises a plurality of power resistors. Each power 
resistor has a pair of terminals for selectively coupling to a 
device to be tested. The test load array further comprises a 
heat sink for accommodating the plurality of power resistors 
and a material for providing electrical insulation of the power 
resistors from the heat sink and thermal conductivity between 
the power resistors and the heat sink. 

Illustratively, the apparatus further includes a fan for mov 
ing air across the heat sink. The fan mounted on the heat sink. 

Illustratively, the apparatus further includes a temperature 
sensor mounted on the heat sink. The temperature sensor 
controls the fan. 

Illustratively, the apparatus further includes a controller. 
The temperature sensor is coupled to the controller to provide 
a signal related to the temperature of the heat sink to the 
controller. The controller is coupled to the fan to control 
operation of the fan. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

The invention may best be understood by referring to the 
following detailed descriptions and accompanying drawings 
which illustrate the invention. In the drawings: 

FIG. 1 illustrates diagrammatically an installation at a 
transformer Substation; 

FIG. 2 illustrates diagrammatically circuits for performing 
current and Voltage burden tests; 

FIG.3a-e illustrate diagrammatically a high accuracy, high 
speed measurement circuit; 

FIG. 4 illustrates the burden switching cycle required for 
single cycle measurements that that reduce the likelihood of 
certain problems related to residual flux in the core of a 
transformer under test; 

FIGS. 5a-b illustrate parallel switching elements with a 
series connected burden; 

FIGS. 6a-billustrate series switching elements with a par 
allel connected burden; 

FIG. 7 illustrates a perspective view of a power resistor 
array integrated into a common heat sink; 

FIG. 8 illustrates a perspective view of a prior art power 
resistor housed in a heat sink; 

FIGS. 9a-d illustrate diagrammatically a transformer 
under test, a burden tester and associated protection and con 
trol circuitry; 

FIG. 10a illustrates a schematic of the power, low current 
path, and communication interface and pass through; 

FIG. 10b illustrates a schematic of drive circuit for a solid 
state Switch; 

FIG. 10c illustrates a schematic of a temperature sensor: 
FIG. 10d illustrates a schematic of an LED drive circuit; 

and, 
FIGS. 11a-d illustrate a flow diagram of a program for 

controlling the apparatus illustrated in FIGS. 9a-d and 10a-d. 

DETAILED DESCRIPTIONS OF ILLUSTRATIVE 
EMBODIMENTS 

In the descriptions that follow, several integrated circuits 
and other components are identified, with particular circuit 
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4 
types and Sources. In many cases, component values, terminal 
names and pin numbers for these specifically identified cir 
cuits and components and Sources are noted. This should not 
be interpreted to mean that the identified circuits and compo 
nents are the only circuits and components available from the 
same, or any other, sources that will perform the described 
functions. Other circuits and components are typically avail 
able from the same, and other, sources which will perform the 
described functions. The terminal names and pin numbers of 
Such other circuits and components may or may not be the 
same as those indicated for the specific circuits and compo 
nents identified in this application. 
Power distribution from the generating plant to the load is 

accomplished by high-voltage, high-current transmission 
lines. The high voltages (for example, 345KV or 765 KV) 
and currents (for example, in the thousands of amperes) nec 
essary to transmit power efficiently from the plant are imprac 
tical for ordinary use at most loads. Generally, Substations 
convert input voltage levels to output voltage levels (14.4 KV. 
440 V, and so on) that are better suited for use at subscribers 
loads. A Substation may also interconnect multiple power 
generators’ networks into a grid. The or each power generator 
typically monitors its contribution to the energy at the Sub 
station or interconnection for, for example, billing purposes. 
The Voltages and currents at the Substations are typically too 
large to be measured directly by an energy meter. Instead, an 
instrument transformer generally is used. A potential or Volt 
age transformer (hereinafter sometimes VT) and a current 
transformer (hereinafter sometimes CT) are employed togen 
erate precision ratio Voltages and currents, and thus precision 
ratios to the energy passing through the Substation at levels 
that are compatible with the energy meters installed at the 
substation; (typically 69 to 600 V AC and 0-20AAC). FIG. 1 
is a diagrammatic illustration of Such an installation. For 
economic reasons, it is important to measure accurately the 
energy passing through a substation. One of the ways in 
which instrument transformers are rated is inaccordance with 
so-called 'Accuracy Class at Standard Burden' as defined in 
IEEE Standard C57.13-1993. Periodic testing may be 
required to Verify that an instrument transformer maintains 
rated accuracy at rated burden while in service. Since the 
1960s, various test equipment has been devised to test instru 
ment transformers in service. FIG. 2 illustrates diagrammati 
cally a basic setup for burden testing. Such a test sequence 
may proceed generally as follows: a Voltage or current read 
ing M1 is measured. The rated burden is inserted into the 
circuit (generally in parallel for Voltage and generally in 
series for current) and a second measurement M2 is taken. 
The burden is then removed from the circuit. The two read 
ings are then compared as shown in equation 1 to determine 
the accuracy of the transformer. 

(M1-M2), M1x100%saccuracy Classx100% eq. 1 

There are several problems associated with in-service test 
ing of instrument transformers. First, burden testing by its 
nature assumes that the primary current is constant during the 
test interval. Small load shifts during a test yield inaccurate 
results. Further, internal heating of the burden may contribute 
to inaccuracies. As an example, an 892 load conducting 5 A 
rms needs to be able to dissipate 200 W. However, tempera 
ture coefficients are associated with all resistors. The longer 
current passes through the burden, the more the burden heats 
up. The more the burden heats up, the greater is its drift from 
its nominal resistance. 

Additionally, in currently available burden testers, the 
operator cannot control the points in the AC cycle at which the 
burden is inserted and removed. Adding or removing a burden 
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when the current is at or near its peak can result in transformer 
magnetization. Transformer magnetization can result in flux 
offset in the core of the transformer under test (hereinafter 
sometimes TUT). This remnant offset flux can reduce the 
range of the transformer and result in an inaccurate output 
signal. 

Still further, the length of time that the burden needs to be 
in the circuit is a function of the settling time of the measure 
ment device and how quickly the operator can record the 
measurement before removing the burden. Furthermore, the 
resistors have definite life spans which are affected by tem 
perature cycling. This requires that the burden resistors have 
power rating capability to dissipate the heat generated during 
burden testing. Thus, burden resistors typically are relatively 
heavy, unwieldy devices. Many early burden testers were 
designed for “pulse' dissipation operation, and were subject 
to accidental overload by careless operators who left burdens 
in circuit for too long. While burning open a burden resistor 
used for PT testing only leads to inaccurate test results, burn 
ing open a burden resistor used for CT testing can damage the 
CT and/or the test equipment, and potentially harm the opera 
tOr. 

In order to compensate for variations in the primary current 
during a test interval, the operator may take multiple mea 
Surements and average the results in an effort to reduce the 
effect of a varying primary load. However, this compounds 
the problems associated with internal heating of the burden 
and the length of time that the burden needs to be in the 
circuit. 

To shorten the time that the burden needs to be in the 
circuit, the operator may insert the burden just long enough to 
read the measurement device. This may shorten the time that 
the burden is in the circuit. However, this technique relies on, 
for example, the operators memory and, as a result, is subject 
to error. This technique also risks that the operator may not 
allow sufficient settling time for the measurement device. 

In an effort to minimize these sources of error and to 
improve safety, automated burden testers were created in the 
1980s and 1990’s. The burden control is moved to an on 
board microprocessor that automatically regulated both the 
magnitude of the burden and the length of time the burden is 
in the circuit. Measurements before and after insertion of the 
burden into the circuit are automatically recorded and the 
percentage change is automatically calculated. The percent 
age change can then be compared with the accuracy class of 
the transformer under test. Additional features such as data 
collection and computer download capability also appear in 
many of these automated burden testers. 
The 1980's-1990’s generation of burden testers, although 

an improvement over the “manual'burden test kits, typically 
requires an array of costly, high current relays and a number 
of discrete power burden resistors mounted on a relatively 
massive heat sink. The length of time any particular burden is 
in circuit depends on the Switching speeds of the associated 
relays (which can be greater than 10 msec) and the settling 
time of the measurement circuit. Also, the 1980's-1990's 
generation of transformer testers, using relays, does not 
address control of the points in the waveform at which the 
burden is inserted into, and removed from, the measurement 
circuit. This may result in a burden being added and/or 
removed in mid-cycle. Due to the propagation delay in the 
action of the relays and the possibilities of entering and leav 
ing the circuit mid-cycle, two complete cycles (/30" of a 
second, or 33.33 msec at 60 Hz) have to be assumed for error, 
establishing a minimum measurement interval to compensate 
for insertion variation. Practically speaking, the prior art con 
tains examples that require a minimum of one full second to 
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6 
take one burden measurement. Additionally, a load change 
during that one second period may still not avoid inaccuracies 
in the measurement, and the TUT's core may experience 
significant remnant magnetization as a result of the test. 

In a typical installation illustrated in FIG.1, a test switch 20 
is provided in the paths 22-1, 22-2, 22-3 of the three phases 
(p1, gp2, (p3, respectively, of the current transformers 24-1, 
24-2, 24-3, respectively, so that a test paddle or "duck bill' 25 
(see FIG. 9d), such as, for example, a Tesco model 1077 
make-before-break test plug, may be inserted into the respec 
tive current loops without breaking the respective current 
paths. 

Current burdens 26 (see FIG. 2) are added in series with the 
transformer 24-m, 1sms3. Secondaries 24-m-S by, for 
example, opening respective bypass Switches 28-m that oth 
erwise shunt the current. The resistance values of the current 
burdens 26 are dictated by IEEE Standard C57.13-1993, but 
values in the range of 0.2S2 are typical. A current measure 
ment device, in the illustrated embodiment an ammeter A, is 
inserted in series with the burden 26-m-switch 28-m parallel 
combination to measure the effect of inserting the burden 
26-m in the secondary 24-m-s of the current transformer 
24-m under test. A voltage transformer 30-m, 1 may be tested 
in a similar manner by, for example, placing a burden 32 in 
parallel with the secondary 30-m-s of the transformer 30-m 
and closing the respective series Switch 36-m, FIG. 2. Again, 
the resistance values of the voltage burdens 32 are dictated by 
IEEE Standard C57.13-1993, but values in the range of 2889.2 
are typical. A Voltage measurement device, in the illustrated 
embodiment a voltmeter V, is inserted in parallel with the 
burden 32-m-switch 36-m series combination to measure the 
effect of inserting the burden32-min the secondary 30-m-s of 
the voltage transformer 30-m under test. 

Referring now to FIGS. 3a-e, a high accuracy, high speed 
measurement circuit 40 is used to measure the Voltage or 
current of a TUT 24, 30. The accuracy and speed of the circuit 
40 are such that it is possible to lock it in phase with the Zero 
crossings 42, FIG. 4, of the Voltage or current waveform and 
performan rms measurement in a single cycle. As previously 
noted, prior art high current relays may have on the order of 
10 msec of lag time while engaging or disengaging, which 
distorts the measurement. An appropriate number of cycles 
must then be integrated in an effort to reduce this distortion. In 
this disclosure, the prior arts relays and switches have been 
replaced by high speed MOSFET switches 28, 36 which are 
capable of switching a burden26, 32 in under 100 nsec. Under 
the control of a computer (hereinafter sometimes micropro 
cessor or LP) 44, FIG. 3a, working in conjunction with a 
digital signal processor (hereinafter sometimes DSP) 46, 
FIG. 3b, insertion and removal of a burden 26, 32 can be 
synchronized with the Zero crossings 42, FIG. 4, of the signal. 
A more accurate, more distortion-free measurement of the 
instrument transformer 24 or 30’s response to the burden 26, 
32 can be completed in as short a time as one cycle (16.66 
msec at 60 Hz). uP illustratively is an NXP LPC2141 32 bit 
ARM7 processor. DSP46 illustratively is a Texas Instruments 
type TMS320 DSP. 
The measurement circuit includes the uP 44, the DSP46, 

an integrated power resistor array (hereinafter sometimes 
IPRA) 50, FIG.3c, providing the burden 26 or 32, an analog 
to-digital converter (hereinafter sometimes ADC) 53 and 
compensated transformer 59, FIG. 3d, and a power supply 55 
and user interface 57, FIG. 3e, all coupled in circuit as illus 
trated in FIGS.3a-e with the transformer CT or VTunder test. 
Illustratively, ADC 53 is of the general type described in U.S. 
Pat. No. 6,833,803, the disclosure of which is hereby incor 
porated herein by reference. Illustratively, compensated 
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transformer 59 is of the general type described in U.S. Pat. 
No. 5.276,394, the disclosure of which is hereby incorporated 
herein by reference. 

Power supply 55 (FIG. 3e) receives at an input port AC 
LINE IN 0:1 power from the substation or the like at sub 
station level, for example, 60 to 600VAC, and provides at an 
output port POWER0:1 the necessary voltages and currents 
to power all of uP44 (FIG.3a), DSP46 (FIG. 3b), IPRA 50 
(FIG.3c), compensated transformer 59 and ADC53 (FIG.3d) 
to all of which it is coupled either directly, or, in the case of 
IPRA 50, from the uP 44's POWER20:1 port to the IPRA 
50's POWER 0:1) port. 
The user interface 57, FIG.3e, which may be a stand-alone 

PC connected or coupled wirelessly (e.g., by WiFi or Blue 
tooth protocol) or may be incorporated into the measurement 
device 62, includes user port USER INPUTIO:2), which may 
include KEYBOARD/TOUCHSCREEN, MOUSEA 
TOUCHPAD AND MONITOR/GUI I/Os, and port SERI 
AL PCI0:1 which is coupled to DSP46's SERIAL PCI0:1 
port. DSP 46's SERIAL 0:1 port is coupled to uP 44’s 
SERIAL 0:1 port. uP 44's BURDEN CONTROL 0:19 
port, TRANSFORMER BYPASS RELAY CONTROL port, 
BURDEN BYPASS RELAY CONTROL port, TEMPERA 
TURE MONITOR port, OVERBURDEN MONITOR port 
and FAN CONTROL port are coupled, respectively, to IPRA 
50's BURDEN CONTROL 0:19 port, TRANSFORMER 
BYPASS RELAY CONTROL port, BURDEN BYPASS 
RELAY CONTROL port, TEMPERATURE MONITOR 
port, OVERBURDEN MONITOR port and FAN CONTROL 
port. IPRA 50's TRANSFORMER IN 0:1 port is coupled to 
the transformer CT or VT under test. IPRA 50’s TRANS 
FORMER OUTIO:1 port is coupled to the measurement 
compensated transformer 59's TRANSFORMER IN 0:1 
port. The measurement compensated transformer 59's ANA 
LOG SIGNAL 0:1 port is coupled to the ADC 53's ANA 
LOG SIGNAL 0:1 port. 

Referring to FIGS. 5a-band 6a-b, the MOSFET switches 
28, 36 can be placed in parallel with the burden elements 26, 
32 (FIGS. 5a-b, particularly FIG.5b), in series with the bur 
den elements 26, 32 (FIGS. 6a-b, particularly FIG. 6b) or in 
any combination of series and parallel required to achieve the 
desired composite burden 26, 32 value(s). The number n of 
stages of Switching that is desirable depends upon the desired 
range and increments of burdens to be added to the test loop. 
In an example, n might equal 10, with one resistor 26n of 
0.292, one of/3S2, seven resistors of 1S2 resistance each, and 
one of 2S2 resistance. This permits a range of resistance val 
ues, including desired series combinations of the various 
resistor 26-n values to be inserted into the current loop of the 
secondary of the current transformer under test. The presence 
or absence of any resistor 26-n in the current loop is deter 
mined by the status of its respective switch 28-n. In a similar 
manner, a range of resistance values 32-n including desired 
parallel combinations of the various resistance values 32-n 
can be inserted into the voltage loop of the secondary of the 
voltage transformer under test. Switches 26-n each illustra 
tively comprise two International Rectifier IRF6618 FETs. 
Higher voltage FETs are required for switches 36-n. Typical 
turns ratios for current transformers 24-m are 400:5, provid 
ing a 5 A secondary current for a 400 A primary current, 
200:5, providing a 5A secondary current for a 200 Aprimary 
current, 100:5, providing a 5A secondary current for a 100 A 
primary current, and so on. In an illustrative circuit con 
structed in accordance with FIGS. 5a-b, ten burden resistors 
26-1, 26-2, ... 26-10 having values of 0.2S2, /3S2, 192, 192, 192, 
1S2, 192, 192, 192, and 292. These values permit a number of 
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8 
desirable current burdens to be put in circuit with the second 
ary 24-m-S of current transformer 24-m. 

With the availability of single cycle measurements and 
flexible high speed Switching, a test cycle may, for example, 
proceed as illustrated in FIG.4, with the signal being applied 
sequentially to a series of burdens 26, 32 incrementing from 
the highest value to the lowest value. An illustrative test cycle 
might then continue from the lowest value back to the highest. 
Such a test cycle can measure the response of an instrument 
transformer 24, 30 at, for example, seven burden 26-n, 32-n 
values in less than 0.5 second at 60 Hz. The length of such a 
test cycle may be calculated from: 

Time=(NburdensxCycles/Burden), Freq eq. 2 

where Nburdens is the number of burdens 26-n or 32-n to be 
switched through, Cycles/Burden is the number of cycles 
during which each burden is in circuit during each step of the 
test, Freq is the source frequency (60 Hz in the illustrated 
example), and Time is the length of the measurement cycle. 

In addition, such a test cycle can effectively demagnetize a 
core that might otherwise be operating with a residual flux by 
Subjecting it to progressively lower induced magnetic field, 
effectively ramping down through the hysteresis curve. 
The energy that must be dissipated by the burden 26-n, 

32-n is directly proportional to the applied power and the time 
the burden 26-n, 32-n is in circuit. As examples, consider the 
amounts of heat that must be dissipated by an 8 ohm burden 
26, 32 with an applied 20 Arms signal for 0.8 seconds and for 
16.66 msec. 

892x(20 A)x0.8 sec=2560 joules eq. 3 

892x(20 A)x0.01666 sec=53 joules eq. 4 
The temperature change, AT, is directly proportional to the 
thermal energy, Q. 

where m is the mass of the material being heated and c is the 
specific heat of the material. Thus, for two devices of equal 
mass m and specific heat c, the described method of burden 
testing results in a temperature change about one fiftieth (53 
joules/2560 joules=0.0207) that experienced with prior art 
methods. A one and a half orders of magnitude drop in test 
time equates to a one and a half orders of magnitude drop in 
energy that needs to be dissipated. 

Referring now to FIGS. 7 and 8, a feature of prior art 
discrete power resistors was used to advantage. Typically, 
only one or a small subset of the total number of available 
burden resistors 26-n, 32-n are used at a time. According to 
this aspect, then, the heat sink(s) housing all of the resistors 
26-n, 32-n can be used to help dissipate the heat when only 
one or two resistors may be used during a test, effectively 
increasing m in equation 5 above. The multiple burden resis 
tors 26-n, 32-n are mounted together in IPRA 50. Discrete 
high power handling capacity resistors 26-1, 26-2. . . . 26-n, 
32-1, 32-2, ... 32-n are potted into a common heat sink 52 
constructed from a material. Such as, for example, aluminum, 
copper or the like, having a high heat capacity, using a highly 
thermally conductive, yet electrically insulating potting 
material 51, thereby forming an aggregate or composite bur 
den element. The illustrative resistors 26-1, 26-2, . . . 26-n, 
32-1, 32-2. . . . 32-n are ten in number (n=10), and are 
generally circular in cross section transverse to their longitu 
dinal extents. An illustrative potting material 51 is Aremco 
Products Inc, CERAMACAST 675 mixed with green silicon 
carbide at a ratio of 5:3. Generally circular cross section 
channels are provided in heat sink 52 for slidably receiving 



US 9,366,744 B2 
9 

two resistors 26-1, 26-2, ... 26-n, 32-1, 32-2, ... 32-n each. 
The resistors 26-1, 26-2, . . . 26-n, 32-1, 32-2, ... 32-n are 
coating with the potting material 51 before or as they are 
inserted into the channels, and additional potting material is 
added to fill the channels after the resistors are inserted into 
the channels. The potting material is then permitted to harden, 
fixing the resistors 26-1, 26-2. . . . 26-n, 32-1, 32-2, ... 32-n 
in thermal contact with the heat sink 52 while electrically 
insulating them from the heat sink 52. When compared to, for 
example, ten discrete parts such as, for example, Vishay 
RH-50 resistors, FIG. 8, the IPRA 50 has 30% less weight, 
and any Switched series and/or parallel combination of values 
is capable of dissipating 105 W continuously at 25° C. A 
single unmounted Vishay RH-50 resistor, FIG. 8, is capable of 
dissipating 12 W when operated in free air. 

Referring now to FIGS. 9a-d, a burden tester 54 (FIGS.3a 
and 3c) configured for testing an instrument current trans 
former 56, FIG. 9a, comprises a test paddle or duck bill 25 
having leads 25-1, 25-2 for coupling to high and low side 
leads 56-S-1 and 56-S-2, respectively, of the secondary 56-s of 
transformer 56. The high side 25-1 of the duck bill 25 is 
coupled to a high current connector pin 50-1, FIGS. 9a-b, that 
is coupled to the high side of an IPRA50 in the burden tester 
54. The low side 25-2 of the duck bill 25 is coupled via a high 
current connector pin 50-2 to one terminal 70-p-1 of the 
primary winding 70-p of a continuity transformer 70 in the 
burden tester 54. First 60-1 and second 60-2 high current 
paths couple the burden tester 54 to a high accuracy DSP 
46-controlled current measurement device 62 (FIGS. 3b, d 
and e). The first and second high current paths 60-1, 60-2, 
respectively, are coupled together by high-current, low-bias 
clamping diodes 64-1, 64-2, FIG.9c, to provide a high cur 
rent, low burden path if the current measurement device 62 is 
not in circuit. Diodes 64-1, 64-2 illustratively are STMicro 
electronics STPS30H60CG diodes. The first high current 
path 60-1 couples the low side of the IPRA 50 to a high 
current test lead 66 terminated with a high current plug 68. 
The second high current path 60-2 couples a low side 

terminal 70-p-2 of a primary 70-p of continuity transformer 
70 to a high current test lead 72 terminated with a high current 
plug 74. The n resistors 26-1, 26-2, ... 26-n, FIGS.9b and d. 
in the IPRA 50 are coupled in series. A relay 76, when acti 
vated, shunts the secondary 56-s of the current transformer 56 
by shunting high current connector pin 50-1, FIG. 9a, to high 
current connector pin 50-2 when relay 76 is closed. An illus 
trative relay 76 is the Tyco RTD 14012F relay. 
A high current fault circuit 78 is placed across high current 

connector pin 50-1 and high current connector pin 50-2. 
Circuit 78 monitors the voltage across secondary 56-s of the 
current transformer 56 under test and clamps the secondary 
56-s in the event of an over-burden condition, such as, for 
example, when the Voltage across the secondary 56-s gets 
above 60 volts peak. Circuit 78 also shorts the secondary until 
relay 76 closes. A typical relay 76 has a 20 msec switching 
time. 
A second relay 80 shunts the IPRA50 high side 50-h to its 

low side 50-1 when closed. An illustrative relay 80 is the Tyco 
RTD14012F relay. 
A high-side terminal 70-s-1, FIG.9c, of the secondary 70-s 

of the continuity transformer 70 is coupled to an output ter 
minal of an amplifier84 having an inverting (-) input terminal 
and a non-inverting (+) input terminal. A low-side terminal 
70-s-2 of the continuity transformer 70 is coupled to ground. 
The output terminal of the amplifier84 is coupled through a 1 
KS2 resistor to the - input terminal of amplifier84. The - 
input terminal of amplifier84 is further coupled through a 1 
KS2 resistor to ground. The microprocessor 44 is coupled by 
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10 
a high pass filter 86 including a resistor having a resistance of 
illustratively, 1 KS2, and a capacitor having a capacitance of 
illustratively, 10uF, to the + input terminal of the amplifier84. 
A signal may be generated by the microprocessor 44 and 
coupled to the high current path 60-1, 60-2 and measured by 
the current measurement device 62 to assure that a good path 
exists before applying a burden 26-1, 26-2, . . . 26-n to the 
current transformer 56 secondary 56-s. An illustrative conti 
nuity transformer 70 has a turns ratio of 125:2. The high side 
terminal 70-s-1 of secondary 70-s is also coupled through a 
low-value load resistor, illustratively, a 5 SI resistor, and a 
relay 100 to ground. Relay 100 illustratively is an Omron 
G5V relay. The purpose of relay 100 is to shunt the secondary 
70-S when amplifier84 is not injecting a signal. Otherwise, an 
impedance will be reflected back into the load of the second 
ary 56-s of the current transformer 56. Illustratively, amplifier 
84 is a Burr-Brown (now Texas Instruments) type OPA227, 
V is 6V and V is -6V. 
A MOSFET switch 28-1, 28-2, ... 28-n couples the high 

side of each of resistors 26-1, 26-2, ... 26-n, respectively, in 
the IPRA50 to the respective resistor's low side. Each resistor 
26-1, 26-2. . . . 26-nthus may be individually put in or taken 
out of circuit by turning its respective MOSFET switch 28-1, 
28-2, ... 28-n off or on. 

Turning now to FIG. 10a, a low power plug 90 is provided 
to obtain auxiliary power, for serial communication and inter 
facing between the burden tester 54, FIGS. 3a and c, and the 
measurement device 62, FIGS. 3b, dande. A low powerjack 
96 is provided to "daisy chain additional devices to auxiliary 
power, to the serial communication lines 98, and for interfac 
ing the low level current measurement circuit 62, FIGS. 3b, d 
and e. Relay 100, FIGS. 9d and 10a, permits selection 
between coupling the local continuity circuit, FIG. 9d, or a 
daisy chained device coupled to jack 96 to the current mea 
surement circuit 62, FIGS. 3b, d and e. Relay 100 is driven 
from LP 44 through a bipolar transistor, illustratively a type 
2N2222. 
A clamp-on current probe, Such as, for example, an AEMC 

model JM845A clamp-on current probe, may be attached to 
the pass-through connector 96 so that the primary current at 
the installation may be compared to the secondary current 
being measured directly on the high current path 60-1, 60-2. 

Microprocessor 44 controls the relays 76, 80, 100 and 
MOSFET switches 28-1, 28-2, . . . 28-n or 36-1, 36-2, ... 
36-n, monitors a temperature sensor 110, FIG. 10b, affixed to 
the IPRA 50, monitors the overburden trip circuit 78, sources 
the voltage at the output port of amplifier84 for the continuity 
test, modulates the fan 114, FIG. 7, associated with IPRA50, 
and communicates with the DSP 46 over the serial commu 
nication lines 98. The temperature sensor 110 is coupled to 
the microprocessor 44 via two-wire serial line 98. Tempera 
ture sensor 110 illustratively is a NXP SA56004 with V, of 
3.3 V. 

Each MOSFET switch 28-n, 36-nis driven from the micro 
processor 44 through a buffer 116-n, driving a pulse trans 
former 118-n. See FIGS.5a, 6a and 10c. An illustrative buffer 
116-in is the Texas Instruments UCC27324D FET driver with 
V of 6V, driving a pulse transformer 118-n having a turns 
ratio of 1:2, and a driver transistor such as an ON Semicon 
ductor or Motorola BSS138 FET coupling the pulse trans 
former to the input ports of switches 28-n, 36-in. 

Light-emitting diodes (LEDs) 122, FIG. 10d, are coupled 
to the microprocessor 44 to provide a visual indication of the 
status of the burden tester 54. Illustratively, LEDs 122 are a 
Dialight 521-94.50. Because the power supply in the illus 
trated embodiment had limited power, the circuit of FIG. 10d 
was provided to shift the voltage supply level from the +3.3 V 
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supply to the uP44 to the system's -6 V supply. In the circuit 
illustrated in FIGS. 10d. R53 and R54 are 3.16 KS2 resistors, 
Q42 and Q45 are type 2N2907 bipolar transistors, Q43 and 
Q44 are type BSS138 FETs, R55 and R56 are 46.4 KQ 
resistors, and R58 and R59 are 31692 resistors. 

Turning now to FIGS. 11a-d, and particularly to FIG.11a, 
a user request to start a burden test signals the start of a test. 
The burden measurement logic is switched on, FIGS.11a and 
c., the “start of test' trigger is detected by the “count down to 
start of burden measurement” routine, FIG. 11b, which trig 
gers 'start of control.” A vector of selected burdens to mea 
Sure is provided to the burden hardware controller, FIGS.11b 
and d. A burden counteris incremented, FIG.11b, and current 
measurement inputs are provided, FIG.11c, to a "zero cross 
ing detection' routine, a “frequency detection' routine and an 
"integrate and dump' routine. The "zero crossing routine 
also provides phase measurement output to an "even zero 
crossing decision block, FIG. 11c, to the burden hardware 
(FIGS. 9a-d. 10a-d) controller, FIGS. 11b and d, and to the 
"count down to start of burden measurement” routine, FIG. 
11b. If the Zero crossing is not even, FIGS. 11c and b, the 
burden counter is incremented, FIG.11b. If the zero crossing 
is even, FIG.11c, indicating that a complete cycle of the input 
current or Voltage has passed, the “integrate and dump' rou 
tine dumps the integrated value to storage and clears the 
integrator, and the ith burden measurement is stored, FIGS. 
11c-d. If the burden counter is incremented, FIG. 11b, the 
routine asks, FIGS. 11a-b, if the counter has exceeded the 
maximum number of burdens 26, 32 with which the instru 
ment transformer, 24, 30, 56 is to be tested. If not, the routine 
continues to run. If the burden counter has exceeded the 
maximum number of burdens, FIG. 11a, the program has 
reached the "end of test,” and the routine is switched off. 

The illustrated high accuracy current measurement device 
62 includes a low burden, precision ratio, current measure 
ment stage 59, FIG. 3d, coupled to a 24 bit ADC 53 coupled 
to DSP46, FIG. 3b. While illustrated as embedded or incor 
porated into the device 40, uP 44 can also be external to the 
current measurement apparatus 40 and communicate with it, 
for example, via serial communication. 

The microprocessor 44's and DSP 46's software config 
ures the microprocessor 44 and DSP46 to function together in 
a phase locked loop (hereinafter sometimes PLL), synchro 
nizing measurements and burden commands with the Zero 
crossings (see FIG. 4) of the current or voltage being mea 
sured. The software analyzes the spectrum of the measured 
current or Voltage, providing harmonic and inter-harmonic 
information, measures the unburdened current/voltage and 
the burdened current/voltage and provides the percentage (%) 
difference measurement. The software also multiplexes 
between the high current path and the low current path. With 
a calibrated primary current clamp (not shown) attached to 
the pass-through connector, the software calculates the ratio 
of the primary current to the secondary current through, for 
example, 56-s. The software further communicates with the 
built-in user interface 57 of the current measurement device 
62 or with an external interface (not shown) by serial com 
munication. This system thus permits the user to interface 
with the transformer test apparatus 40. This includes, but is 
not limited to, creating, editing, and executing test sequences, 
collecting and displaying test results, and generating reports 
of gathered results. 

To those skilled in the artitisunderstood that this is just one 
embodiment and that there are voltage and power analogs of 
the disclosed methods and apparatus. For instance, a parallel 
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connected IPRA with appropriate values may be substituted 
and used to test Voltage transformers and protect the instru 
ment transformer secondary circuit against short circuit 
rather than open circuit. 
What is claimed is: 
1. A method for testing a transformer including a winding, 

the method comprising operating a controller to generate a 
Switching signal, supplying the switching signal to a solid 
State switch in circuit with a known test load, switching the 
solid state switch to place the known test load in circuit with 
the transformer, and measuring a signal through or across the 
transformer winding, monitoring Zero crossings of the mea 
sured signal, and operating the controller to generate the 
Switching signal substantially at the Zero crossings of the 
measured signal. 

2. The method of claim 1 further including analog-to 
digital converting the measured signal. 

3. The method of claim 2 further including locking a phase 
of the Switching signal to a phase of the measured signal. 

4. The method of claim 1 wherein supplying the switching 
signal to the solid state switch in circuit with the known test 
load comprises supplying the Switching signal to the solid 
state switch in parallel with the known test load. 

5. The method of claim 1 wherein supplying the switching 
signal to the solid state switch in circuit with the known test 
load comprises supplying the Switching signal to the solid 
state switch in series with the known test load. 

6. The method of claim 1 wherein supplying the switching 
signal to the solid state switch in circuit with the known test 
load comprises supplying the Switching signal to the solid 
state switch in series-parallel with the known test load. 

7. The method of claim 1 further including analog-to 
digital converting the measured signal. 

8. The method of claim 1 wherein supplying the switching 
signal to a solid state switch comprises supplying the switch 
ing signal to a field effect transistor. 

9. Apparatus for testing a transformer including a winding, 
the apparatus comprising a controller for generating a switch 
ing signal, a known test load, a solid state switch in circuit 
with the known test load, the solid state switch having a 
control port coupled to the controller for supplying the 
Switching signal to the solid state switch to place the known 
test load in circuit with the transformer, and a measurement 
device coupled to the known test load for measuring a signal 
through or across the transformer winding, monitoring Zero 
crossings of the measured signal, and supplying the switching 
signal from the controller to the solid state switch substan 
tially at the Zero crossings of the measured signal. 

10. The apparatus of claim 9 further including an analog 
to-digital converter coupled to the transformer and to the 
measurement device for analog-to-digital converting the 
measured signal. 

11. The apparatus of claim 10 wherein the controller is 
coupled to the known test load to locka phase of the switching 
signal to a phase of the measured signal. 

12. The apparatus of claim 9 wherein the solid state switch 
is coupled in series circuit with the known test load. 

13. The apparatus of claim 9 wherein the solid state switch 
is coupled in parallel circuit with the known test load. 

14. The apparatus of claim 9 comprising multiple solid 
State Switches, the solid state switches coupled in series 
parallel circuit with the known test load. 

15. The apparatus of claim 9 wherein the solid state switch 
comprises a field effect transistor. 
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